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Introduction

1
Current knowledge about the incidence and risk factors for exertional hyperthermia (core body 2 temperature (CBT) ≥40°C) and heat illness is largely based on retrospective studies investigating 3 military populations during military exercises. [1] [2] [3] [4] [5] These studies involved well-trained soldiers 4 performing continuous exercise (e.g. long-distance running) superimposed by bouts of high-5 intensity anaerobic exercise (e.g. heavy lifting). This type of exercise is substantially different from 6 a typical athletic event popular in the general public, during which the athletes typically only 7 perform continuous high-intensity exercise. Furthermore, paramount to the general public is that it is characterized by a wide range of individual traits, including a wide diversity in body mass, age 9 and training and health status. 6 As all these factors may affect thermoregulatory responses 10 differently, each individual may be subject to a different risk for developing heat-related problems, 11 such as exertional hyperthermia or heat illness. 4, 5, 7 Previous studies that did focus on 12 thermoregulation in participants of athletic events or outdoor time trials in cool to moderate 13 conditions are based on relatively small to moderate sample sizes. [8] [9] [10] These studies reported 14 exertional hyperthermia in 0-23% of their participants, mostly after performing marathon races,
15
and this wide range makes it tenuous to draw any firm conclusions. In addition, no previous 16 authors have confirmed whether this knowledge is applicable to the general public based on 17 measurements in a large and heterogeneous sample size. Based on previous literature, risk 18 factors for heat illness such as metabolic rate (i.e. running speed), 8, 11, 12 participants provided written informed consent before participation.
11
Prior to the race, participants completed a questionnaire pertaining to their physical training.
12
Participants self-reported their fluid intake from the time of getting out of bed on the day of the 13 race and during the race. Body weight was measured before and after the race in a laboratory set Participants were allowed to drink ad libitum before and during the race, whilst they self-reported were requested to refrain from drinking between finishing and the second body weight 9 measurement to avoid overestimating the post-race body weight. Furthermore, body weight 10 change during the race (delta body weight) was corrected for fluid intake during the race by adding 11 the fluid intake to the delta body weight.
Individual split times after 5-, 10-and 15-km were obtained from the organizational measuring 13 system (ChampionChip®, MYLAPS, Nijmegen, the Netherlands).
14 Wet bulb globe temperature (WBGT) was measured every 30 minutes throughout the day using 
Results
1
The average race time was 79±13 min (range 55-165 min), with a mean running speed of 2 11.7±1.8 km/h (Table 1) . Furthermore, the split times after every 5-km point were comparable 3 (p=0.33) across the race. Under cool environmental conditions (WBGT was stable at 11°C 4 throughout, TDRY-BULB 10.5°C, relative humidity 87% ), CBT increased from 37.6±0.4°C at baseline 5 to 37.8±0.4°C after the warming-up at the start, and was 39.2±0.7°C upon finishing ( Figure 1 ).
6
CBT could not be measured at the finish line in 18 participants (8%). Thirty-one participants(15%) 7 showed a CBT ≥40°C and were hence classified as being hyperthermic. None of the participants 8 reported any apparent heat-related physical complaints.
9
Between baseline and finish, a 1.5±0.6% reduction in total body weight was observed, and 21%
11
of all participants were classified as dehydrated (≥2% decrease in body weight). Self-reported 12 fluid intake before the start of the race was 1.18±0.47L, whilst intake was 0.06±0.12L during the 13 race.
15
The backward linear regression model (r=0.41, p<0.001) identified age (B = -0.01, p=0.03), BMI
16
(B=0.06, p<0.01), self-reported fluid intake before the race (B=-0.30, p=0.02) and CBT change 17 during warming-up (β=0.56, p<0.001) as parameters that significantly predicted CBT at the finish 18 line (Table 2) . Sex, finish time, self-reported fluid intake during the race, the presence of post-19 finish dehydration and number of training weeks were also entered into the regression analysis, 20 but did not appear to influence finish CBT. These results remained unchanged when the analysis 21 was repeated after replacing the total finish time for the split time in the last 5-km. CBT change during warming-up was identified as the strongest predictor in our model.
24
Accordingly, we were interested in the risk stratification of participants that demonstrated a CBT change during warming-up that was 2 times higher than the group average (0.2°C). Therefore, intake before the race predicted CBT at the finish line, whereas sex, self-reported fluid intake 7 during the race, the presence of post-finish dehydration, and the number of training weeks had 8 no impact on finish CBT. Interestingly, we found no differences in body and race characteristics 9 between the subgroups of hyperthermic athletes and their non-hyperthermic peers, apart from a 10 higher (0.3L) fluid intake before the race by the non-hyperthermic athletes. However, the CBT 11 change after the warming-up was significantly greater, and self-reported fluid intake before the 12 race was significantly lower in the hyperthermic participants compared to the non-hyperthermic This hypothesis is reinforced by our finding that athletes with the strongest CBT rise after the 10 warming-up were significantly more likely to become hyperthermic at the finish line, which
11
suggests that a similar intrinsic predisposition for developing hyperthermia may exist as well. The 12 clinical implication of this finding is that measuring the CBT rise during warming-up may aid in
13
identifying individuals who should be monitored more carefully, and may help initiate a more direct 14 treatment strategy if problems do occur (i.e. physical complaints or performance detriments).
15
Furthermore, it might also help to identify individuals who are most likely to benefit from any pre-16 cooling interventions.
18
By measuring a large number of possible predictive factors for the finish CBT, we were able to 19 predict 16.7% of the total finish CBT. The finding that a higher self-reported fluid intake before the 20 race was predictive for a lower finish CBT in both the total group (regression analysis) and in the 21 non-hyperthermic subgroup versus the hyperthermic subgroup could relate to a difference in 22 hydration status prior to the exercise bout. Since we did not measure the participants' hydration 23 status before the start of the race (e.g. through measuring urinary specific gravity at baseline), it 24 is difficult draw any definitive conclusions about this. However, previous literature recommended 25 that the consumption of ~0.4-0.5L of fluids 4 hours before the start of exercise ensures euhydration at the start of exercise. 28 Since the participants of the present study consumed 1 1.2±0.5L of fluids in the ~6 hour time span prior to the race, it is likely that they started the race in 2 a euhydrated state. Apart from the potential role of fluid intake before the race, we found no other 3 differences between both subgroups of hyperthermic and non-hyperthermic participants. This 4 emphasizes the difficulty to predict CBT during exercise using traditional measures. Previous 5 studies have shown that exercise intensity and physical fitness affect CBT during exercise.
3,12,13 6
As our study was performed under race conditions, most participants performed in the upper 7 range of their possible exercise intensity levels. This leaves only a small range of exercise 8 intensities to correlate with CBT, and may explain why we did not find a significant relationship 9 between both parameters.
10
The strengths of this study are the inclusion of a large and heterogeneous group of participants,
11
the real-life race setting in which participants reach peak performances that cannot be simulated 12 in a laboratory situation, and the fact that we measured CBT within seconds after finishing instead 13 of several minutes after finishing. However, this study was limited by the fact that no correction 14 was applied for sweat entrapment in the participants' clothing after the race in regard to the body 15 weight measurement after the race. Based on previous literature, it is known that not correcting
16
for sweat entrapment in clothing may lead to a measurement error of 10%. 
Body weight
Baseline body weight (kg) 71.7 ± 11.9 72.3 ± 11.4 70.0 ± 12.8 0.46
Finish body weight (kg) 70.8 ± 11.7 71.3 ± 11.6 69.0 ± 12.6 0.48 ∆ Body weight (%) -1.5 ± 0.6 -1.7 ± 0.6 -1.5 ± 0.6 0.39
Classifying as dehydrated** (%) 21 29 24 0.67
Fluid intake
Fluid intake before race (L) 1.18 ± 0.47 1.0 ± 0.4 1.3 ± 0.5
<0.05
Fluid intake during race (L) 0.06 ± 0.12 0.04 ± 0.06 0.07 ± 0.13 0.24 * Differences in split times were tested using a Two-Way Repeated Measures ANOVA. ** Participants classified as 'dehydrated' if body weight at the finish line was reduced ≥2%. 
5
